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bstract
The ultimate goal of the reflective assistance control system is to observe people in a specific real-life situation, diagnose their
sychological and behavioral state and influence the ambient accordingly. The system uses reflective technology to exercise pervasive
daptation through non explicit man-machine interaction based on context awareness. Recent results show effective use in vehicular
omain and promise further applications in environmental, ambient assisted living and health care areas.
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. Introduction
An important characteristic of smart technology [1] is a seamless and implicit human computer interaction that uses
ireless sensor/actuator devices to detect user situation and respond accordingly. In order to offer smart assistance,
he system must have some means of assessing the context of interaction mode without explicit user intervention.
his can be done by making both human inner state and behavior a part of the processing loop, e.g. by deploying the
ense-analyze-react principle performing a seamless observation, situation evaluation and active reaction.
Reflective technology is based on expertise from software engineering, psychology, physiology and social sciences.
t offers a generic solution for a seamless, implicit and awareness-rich processing that can be deployed in a whole range
f application areas. Different types of adaptation are considered: (1) immediate adaptation – a capability of reacting in
moment when a sudden change occurs; (2) short term adaptation – a capability to adjust to a more complex situation
hich requires some time to be comprehended; (3) long term adaptation – a system capability to learn over a longer
eriod of time and adjust to personal needs of individual users; (4) pervasive adaptation – a potential to exchange
nowledge with other systems and act adaptively in different settings.
The text that follows presents the design and development strategies of the reflective approach and illustrates its
pplication. Under the theoretical consideration, biologically inspired adaptation is sketched, followed by technical
lueprints that depict implementation ideas. A pragmatic orientation of reflective approach is illustrated by the vehicular
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2. Theoretical Considerations
In effort to mimic the adaptation process, as it appears in the nature, and deploy it naturally within man-machine
interaction, this approach takes the biocybernetic loop as a starting point. Originally, the loop [2] describes how
psycho-physiological data regarding the status of the user are captured, analyzed and converted to a computer control
input/output in real-time. The function of the loop is to monitor changes in user’s state in order to initiate an appropriate
adaptive response.
Reflective approach extends the original concept to a wider set of input information (e.g. social and behavioral)
allowing for a composite analyses and decision making. It takes results of affective computing and combines it with
high level understanding of social and goal-oriented situations. Biocybernetic loop is implemented with the help of
sense-analyze-react control troika [3]. Reflective ontology [4] classifies numerous factors that determine user’s states,
social situation and application goals, defining elements for decision making. The ontology is then expressed in a
number of XML-based taxonomies that allow for a uniform deployment in data acquisition, user’s state diagnoses and
activation of corrective actions.
3. Implementation
Reflective system is a service- and component-oriented [5] dynamic and re-active middleware that runs multiple
biocybernetic loops featuring pervasive adaptation at different time scales. The software architecture is layered as
follows:
• Tangible layer – a low-level subsystem that controls sensor and actuator devices. It offers its services (sensor
measurements/actuator controls) to the rest of the system.
• Reflective layer – a core of the system that combines tangible services with user’s profile and scenario descriptions
to perform diagnoses of user’s state and provoke system (re-) action relative to the situation and the application
goals.
• Application layer – a high level part of the system that defines application scenario and system goals. By combining
low and high level services and components from other layers, application layer runs and controls the whole system.
The reflective framework has been developed using the software components paradigm and implemented in the
Java programming language on top of OSGI environment.
Figure 1 metaphorically illustrates the reflective layered architecture as a spin top, running different biocybernetic
loops at tangible, reflective and application level. The control loop (initialized with users’ profile and scenario settings)
starts by sampling the psychophysiological and other measurements, continues with their analyses and finishes by
adaptive system reaction. In a next iteration the system influence (caused by the reaction) is sensed and further tuned,
effectively showing self-healing and self-correction. The overall design goal is to have a generic modular structure that
follows the patterns of immediate, short and long term adaptation and is capable of dynamic configuration and efficient
Fig. 1. Reflective architecture.
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Fig. 2. Vehicular cockpit.
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unctioning. This further allows for re-use of the system information in different contexts and situations, insuring a
ervasive character of the reflective systems.
. Practical Use
The reflective approach has been tested in different practical settings insuring emotional, cognitive, physical and
ituational response. The mood player [5], the cognitive monitor [5], and the body network [5] are some of the examples.
he reflective vehicle is a combination of the above mentioned systems, enriched with the vehicular CAN bus and a
umber of board computers. The resulting system features both adaptation and pervasiveness offering a “co-driver”
tyle of a support. The system helps the driver throughout the ride, observing the emotional, cognitive and physical
ondition and actively assisting in the driving process [6].
Figure 2 shows the cockpit with three computers (connected with an ad hoc network) running the distributed
eflective assistance. The first screen offers high-level monitoring done at application layer, the second one displays
ystem diagnoses performed in reflective layer and the third one shows low level measurement from tangible layer.
mart phones could be connected via the same ad hoc network allowing for remote monitoring.
Figure 3 depicts a screen shot of the first cockpit control computer with a mood player (at the left-hand side of the
creen, four buttons allow for the selection of other three loops: effort, comfort and driving – that run simultaneously).
he system functions seamlessly without need for explicit driver’s intervention. The whole interface with the three
ouch screens is used only for system testing and monitoring.
. Conclusion
The technology described here is called reflective computing. It is a result of interdisciplinary approach to design
mart systems that monitor, diagnose and respond to the affective, mental and bodily states of the people in a closed
oop control fashion. Further use is seen in the ambient assisted living and health-care domains. The poster presentation
ill feature pervasive exhibition with a reflective system running in background illustrating its functionalities on smart
hones: two will be provided on site and ad hoc network will allow viewers to connect and monitor the system on their
wn devices.
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